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If the Einstein-Hilbert action LEH ∝ R is re-expressed in Riemann-Cartan spacetime using the
gauge fields of translations, the vierbein field hαµ, and the gauge field of local Lorentz transfor-
mations, the spin connection Aµα
β, there exists a new gauge symmetry which permits reshuffling
the torsion, partially or totally, into the Cartan curvature term of the Einstein tensor, and back,
via a new multivalued gauge transformation. Torsion can be chosen at will by an arbitrary gauge
fixing functional. There exist many equivalent ways of specifying the theory, for instance Einstein’s
traditional way where LEH is expressed completely in terms of the metric gµν = h
α
µhαν , and the
torsion is zero, or Einstein’s teleparallel formulation, where LEH is expressed in terms of the torsion
tensor, or an infinity of intermediate ways. As far as the gravitational field in the far-zone of a
celestial object is concerned, matter composed of spinning particles can be replaced by matter with
only orbital angular momentum, without changing the long-distance forces, no matter which of the
various new gauge representations is used.
PACS numbers: 98.80.Cq, 98.80. Hw, 04.20.Jb, 04.50+h
1. In theoretical physics it often happens that a
mathematical structure has a simple extension for
which a natural phenomenon is waiting to be discov-
ered. The most prominent example is the existence
of a negative square root of the relativistic mass shell
relation p0 =
√
p2 +m2 which led Dirac to postulate
the existence of a positron, discovered in 1932 by Carl
Anderson [1]. Sometimes, this rule does not seem to
work initially, only to find out later that nature has
chosen an unexpected way to make it work after all.
Here the best example is the existence of a solution
of the above energy-momentum relation for negative
m2, which was interpreted by some theoreticians as the
signal for the existence of a particle faster than light.
Such particles were never found. A simple physical
realization appeared, however, with the discovery of the
Ginzburg-Landau field theory of phase transitions and
its quantum versions (now referred to as Higgs field
theory). Since there are always interactions , a negative
parameter m2 destabilizes the field fluctuations. The
fields move to a new ground state, around which they
fluctuate with positive m2. The situation is completely
analogous to what happens in any building if ω2 of one
of its eigenfrequencies turns negative. The building
collapses until the debris settles in a ruin, and that has
only positive ω2’s. The collapse of an interacting field
system with negative m2 is observed as a phase tran-
sition to a state with stable fluctuations and positive m2.
2. For many years, theorists have been wondering
why Einstein’s theory of gravity represents such a per-
fect geometrization of the gravitational forces [2]. Since
the work of Cartan in 1922 it is known that the Rie-
mannian spacetime, in which the celestial objects move,
has a “natural” extension to Riemann-Cartan spacetime.
This possesses a further geometric property called tor-
sion. Why is there no trace of it in the movements of
planets? Einstein himself has asked this question and
discussed it in letters with Cartan [3]. He set up a theory
of teleparallelism which explains gravity by a theory in
Riemann-Cartan spacetime, in which the total curvature
tensor vanishes identically. The Einstein-Hilbert action
is then equal to a combination of scalars formed from tor-
sion tensors [4], and torsion forces provide us merely with
an alternative way of describing gravitational forces, as
emphasized in Refs. [5, 6].
3. Yet another extension of Einstein’s theory to
Riemann-Cartan spacetime was advanced since 1959 [7–
9]. It has the appealing feature that it can be rewritten
as a gauge theory invariant under local Poincare´ trans-
formations, i.e., both local translations and local Lorentz
transformations, thus bringing it to a similar form as
the gauge theories of weak, electromagnetic, and strong
interactions. This gauge theory treats torsion as an in-
dependent field which couples only to the intrinsic spin
of the elementary particles in a celestial body. Unfortu-
nately, however, such an approach has several unsatisfac-
tory features. First, the theory is meant to be classical,
but the spin carries a power of ~ which vanishes in the
classical limit. So there is really no classical source of
torsion. Indeed, if torsion couples to spin with the grav-
itational coupling strength, the factor ~ implies that it
cannot play any sizable role in the forces between celestial
bodies. For example, even if the earth consisted only of
polarized atoms, its intrinsic spin would be 10−15 times
smaller than the rotational spin around the axis.
Moreover, there exist severe conceptual problems. One
was emphasized in Ref. [10]. As long as we do not know
precisely the truly elementary particles , and it is doubt-
ful that we ever will, many particles are described by
effective fields, and it is impossible to specify whether
the spin of those fields is caused by orbital motion or by
the intrinsic spins of more elementary constituents. As
2an example, the spin-one field of a ρ-meson contains a
wave function of two spinless pions in a p-wave, which
do not couple to torsion. But it also contains two spin- 12
quarks in an s-wave which would couple. Another prob-
lem is that if torsion couples to all spins, the photon
becomes massive. In order to avoid this, the authors ad-
vocating this approach postulate that the photon is is
an exception, and is not coupled to torsion. However,
this contradicts the fact that roughly one percent of a
photon is a virtual ρ-meson, which is strongly coupled to
baryons. These, in turn, are supposed to be coupled to
torsion (see Fig. 1), so the photon would become massive
after all.
γ γ
baryons
ρ ρ
torsion
Figure 1: Diagram for mass generation of photon. It couples
via a ρ-meson to baryonic matter which would be coupled to
torsion if q 6= 1.
Thus the existence of an independent torsion field is
highly dubious, and we may ask ourselves, whether the
description of gravity in Riemann-Cartan spacetime pro-
posed in Refs. [7–9] has really a chance of being true, or
whether nature doesn’t have a deeper reason for avoid-
ing the above problems. It is the purpose of this note
to answer this question affirmatively. Inspiration comes
from a simple model of gravity, a “world crystal” with
defects [9, 11, 12], whose lattice constant is of the order
of a Planck length. Some consequences of such a world
crystal were pointed out in a recent study of black holes
in such a scenario [13].
4. We begin by showing that in the absence of mat-
ter, a world crystal is a model for Einstein’s theory with
a new type of extra gauge symmetry in which zero tor-
sion is merely a special gauge. A completely equivalent
gauge is the absence of Cartan curvature, which is found
in Einstein’s teleparallel universe. Before presenting the
argument, recall that a crystal can have two different
types of topological line-like defects [8, 9], which in a
four-dimensional world crystal are world surfaces (which
may be the objects of string theory).
First, there are translational defects called dislocations
(Fig. 2). These are produced by a cutting process due to
Figure 2: Formation of a dislocation line (of the edge type)
by a Volterra process. The Burgers vector b characterizes the
missing layer. There exist two more types where b points in
orthogonal directions.
Figure 3: Three different possibilities of constructing discli-
nations: wedge, splay, and twist disclinations. They are char-
acterized by the Frank vector Ω.
Volterra: a single-atom layer is removed from the crys-
tal, allowing the remaining atoms to relax to equilibrium
under the elastic forces. A second type of topological
defects is of the rotation type, the so-called disclinations
(Fig. 3). They arise by removing an entire wedge from
the crystal and re-gluing the free surfaces.
The defects imply a failure of derivatives to com-
mute in front of the displacement field ui(x). In three
dimensions, the dislocation density is given by the tensor
αij(x) = ǫikl∇k∇luj(x). (1)
If ωi ≡ 12ǫijk[∇juk(x) − ∇kuj(x)] denotes the local
rotation field, the disclination density is defined by
θij(x) = ǫikl∇k∇lωj(x). (2)
The defect densities satisfy the conservation laws
∇iθij = 0, ∇iαij = −ǫjklθkl. (3)
These are fulfilled as Bianchi identities if we express
θij(x), αij(x) in terms of plastic gauge fields β
p
kl, φ
p
lj , set-
ting θij = ǫikl∇kφplj , αil = ǫijk∇jβpkl + δilφpkk−φpli. The
defect densities are invariant under the gauge transfor-
mations βpkl → βpkl + ∇kupl − ǫklrωpr , φpli → φpli + ∂lωpi ,
where ωpi ≡ 12 ǫijk∇jupk. Thus hij ≡ βpij + ǫijkωpk and
Aijk ≡ φpijǫjkl are translational and rotational defect
gauge fields in the crystal [14].
The Volterra processes can be represented mathemat-
ically by multivalued transformations from an Euclidean
crystal with coordinates x¯a to a crystal with defects and
coordinates xµ, as illustrated in Figs. 4 and 5 for two-
dimensional crystals.
Figure 4: Multivalued mapping of the perfect crystal to an
edge dislocation with a Burgers vector b pointing in the 2-
direction.
For an edge dislocation the mapping is x¯1 = x1, x¯2 =
x2+(b/2π)φ(x), where φ(x) ≡ (1/2π) arctan(x2/x1). Ini-
tially, this function has a cut from the origin towards left
3Figure 5: Multivalued mapping of the perfect crystal to a
wedge disclination of Frank vector Ω in the third direction.
infinity. In a second step, the cut is removed and the
multivalued version of the arctan is taken. This makes
φ(x) the Green function of the commutator [∂1, ∂2]:
(∂1∂2 − ∂2∂1)φ(x) = δ(2)(x). For a wedge disclination,
the mapping is dx¯i = δiµ [x
µ + (Ω/2π)εµνx
νφ(x)].
A combination of the two
ηij(x)≡θij(x)− 12∇m[ǫminαjn(x) + {ij}+ ǫijnαmn] (4)
forms the defect tensor
ηij(x) ≡ ǫiklǫjmn∇k∇mupln(x), upln ≡ 12 (βpln + βpnl). (5)
It is a symmetric tensor due to the conservation laws (3),
and represents the Einstein tensor Gij ≡ Rij − 12gijRkk
of the geometry of the world crystal.
The expressions can easily be defined on a simple-
cubic world lattice if we replace ∇i by lattice derivatives,
as shown in [8, 9]. There it is also shown that, in three
spacetime dimensions, the disclination density θij(x)
represents the Einstein tensor GCij associated with the
Cartan curvature tensor RCijk
l of the Riemann-Cartan
geometry of the world crystal. The relation is
GCji(x) = ǫikl∇k∇lωj(x) = θij(x). (6)
The dislocation density αij(x) represents the torsion
Slkj = 12 (Γlkj − Γklj) of the Riemann-Cartan geometry.
Here the relation is
αij = ǫiklSlkj . (7)
5. The standard form of a defect with Burgers vector
bl and Frank vector Ωq has a displacement field
ul(x) = −δ(x, V )[bl + ǫlqrΩq(xr − x¯r)], (8)
where ǫlqr is the antisymmetric unit tensor, x¯r the axis
of rotation of the disclination part, and δ(x;V ) is the
delta function on the volume V , i.e., in three dimensions:
δ(x;V ) =
∫
V
d3x′ δ(3)(x − x′). (9)
Its derivative is the delta function on the Volterra
surface S of V :
−∇δ(x;V ) = δ(x;S) =
∫
S
dS′ δ(3)(x− x′). (10)
For the new gauge symmetry, the crucial observation
is that as a simple consequence of (8), a dislocation line
in the world crystal can either be obtained by a Volterra
process of cutting out a thin slice of material of thickness
b, or alternatively by cutting out a wedge of Frank vector
Ω, and reinserting it at distance b from the cut. Thus
the dislocation line is indistinguishable from a pair of
disclination lines with opposite Frank vector Ω whose
axes of rotation are separated by a distance b (Fig. 6a).
a) b)
Figure 6: Equivalence between a) dislocation and pair of
disclination lines, b) disclination and stack of dislocation lines.
Conversely, a disclination line is equivalent to a stack of
dislocation lines with fixed Burgers vector b (Fig. 6b).
Analytically, this is most easily seen in the two-
dimensional version of the relation (4):
η33 = θ33 + ǫ3mn∇mα3n. (11)
Each term is invariant under the plastic gauge transfor-
mations βpkl → βpkl + ∇kupl − ǫklωp3 , φpl → φpl + ∂lωp3 .
The general defect has a displacement field
ul = −δ(V2)[bl − Ωǫ3lr(xr − x¯r)]. (12)
The first term is a dislocation, the second term a discli-
nation. According to Fig. 6, the latter can be read as a
superposition of dislocations with the same Burgers vec-
tor b˜l = −
∫ x
x¯ dx
′
rΩǫ3lr. The former may be viewed as a
dipole of disclinations: −∇¯l[− 12bmǫ3km]ǫ3kr(xr − x¯r).
6. Let us now derive the emerging gravitational forces
in the world crystal. Consider the partition function, at
unit temperature, of the world crystal which we take to
be three-dimensional, for simplicity:
Z =
∑
nij(x)
∏
x,i
[
dui(x)
a
]
e−H . (13)
In linear elasticity, the energy depends quadratically only
on the difference between the elastic and the plastic strain
tensors uij = 12 (∇iuj +∇jui) and upij , and reads on the
lattice
H =
µ
4
∑
x
∑
i<j
[∇iuj(x)+∇jui(x)−nij(x)]2. (14)
Here µ is the elastic constant [16], and the integer num-
bers nij of are the lattice versions of 2u
p
ij in Eq. (5).
This partition function explains for low temperature the
correct classical specific heat. If the temperature is in-
creased, it reaches a point where the configuration en-
tropy of the defects wins over the Boltzmann factors of
their energy, and the world crystal melts.
We have shown in [9] that in order to arrive at the
proper Newton forces at long distances we have to insert
one more derivative in the lattice action and start out
with what is called the floppy world crystal where
H=µ
∑
x
∑
i<j
{∇k[∇iuj(x)+∇jui(x)−nij(x)]}2 . (15)
The partition function depends on the defect con-
figuration only via the defect tensor formed from
nij , i.e., on ηij . It is a functional of this
tensor which can be expanded into powers of
ηi
i, ηijη
ij , ηijη
jkηk
i, ηijη
ijηk
k, . . . . The expansion co-
efficient are proportional to powers of the Planck length,
4for each ηij two powers. Since ηij is the defect represen-
tion of the Einstein tensor Gij , the partition function de-
fines a gravitational action which is a power series of the
Einstein tensor. To leading (second) order in the Planck
length is is proportional to the scalar G = Gi
i = −R.
Note that the gravitational action arises in this model
from the entropy of the fluctuations [12] in the same way
as rubber elasticity in polymer physics [17].
The defect tensor ηij=ˆGij can be decomposed into an
Cartan part and a torsion part as in Eq. (4). From the
equivalence of defects illustrated in Fig. 6 it is now ob-
vious that we can re-express the action, which contains
only to defect tensor ηij=ˆGij , completely in terms of the
dislocation density αij , i.e., in terms of the torsion ten-
sor Slkj via Eq. (7). The Cartan curvature tensor is then
identically zero, showing that Einstein’s teleparallel for-
mulation of gravity is completely equivalent to the origi-
nal Einstein theory. Alternatively, we may make the tor-
sion vanish identically, and recover the original Einstein
theory.
In addition, there exists an infinite number of inter-
mediate formulations of the theory with both Riemann-
Cartan curvature and torsion in some well-defined mix-
ture.
7. Generalizing the defect relations (4) and (11) to
D ≥ 4 spacetime dimensions and allowing for large
deviations from Euclidean space, we find [18]
Gµν = G
C
µν − 12D∗λ (Sµν,λ − Sνλ,µ + Sλµ,ν) (16)
where Gµν is the Einstein tensor and G
C
µν its Cartan
version, while Sµκ
,τ is the Palatini tensor related to the
torsion field Sµκ
τ by
1
2Sµκ
,τ ≡ Sµκτ + δµτSκλλ − δκτSµλλ. (17)
The symbol Dµ denotes the covariant derivative defined
by Dµvν ≡ ∂µvν −Γµνλvλ, Dµvλ ≡ ∂µvλ+Γµνλvν , and
D∗µ ≡ Dµ+2Sµκκ. The defect conservation laws (3) read
D∗µG
C
λ
µ + 2SνλκGCκν − 12Sνκ,µRCλµνκ = 0 , (18)
D∗µSλκ,µ = G
C
λκ −GCκλ. (19)
They are Bianchi identities ensuring the single-
valuedness of observables, connection Γµν
λ and metric
gµν , via the integrability conditions [∂σ, ∂τ ]Γµν
λ = 0 and
[∂σ, ∂τ ]gµν = 0.
In a four-dimensional Riemann-Cartan spacetime, the
geometry is described by the direct generalizations of
translational and rotational defect gauge fields hij and
Aijk, which are here the vierbein field h
α
µ, and the spin
connection Aµα
β. The square of the former is the metric
gµν = h
α
µhαν . The latter is defined by the covariant
derivative Dλhβ
µ = ∂λhβ
µ − Aλβγhγµ + Γλνµhβν ≡
DLλhβ
µ+Γλν
µhβ
ν . The field strength of Aµα
β ≡ (Aµ)αβ
Fµνβ
γ ≡ {∂µAν − ∂νAν − [Aµ, Aν ]}λκ, (20)
determines the Cartan curvature RCµνλ
κ ≡ hβλhγκFµνβγ .
The field strength of hγν is the torsion:
Sαβ
γ ≡ 12hαµhβν [DLµhγν − (µ↔ ν)]. (21)
The relations (16), (18), and (19) follow from this.
8. The theory is gauge invariant under local Lorentz
transformations as a direct consequence of the fact that
the metric can alternatively be written as
gµν = h
γ
µΛ
a
γΛa
βhβν , (22)
where Λa
β is an arbitrary local Lorentz transfor-
mation, and that the Einstein-Hilbert Lagrangian
LEH = −(1/2κ)R is independent of Λaα. The extra Λaβ
transforms the gauge field Aµα
β as
Aµα
β → Aµαβ +∆Aµαβ , ∆Aµαβ ≡ Λaβ∂µΛaα. (23)
At this point we are ready to introduce the new
gauge invariance announced in the title: we allow Λa
β
in Eq. (22) to be a multivalued Lorentz transformation.
This is not integrable, so that ∆Aµα
β is a nontrivial
gauge field. Indeed, the rotational field strength Fµνα
γ
can be expressed as Fµνα
γ ≡ Λaγ [∂µ, ∂ν ]Λaα 6= 0 and
yields a nonzero Cartan curvature RCµνλ
κ 6= 0. The
important observation is that a multivalued Λaα is
able to change the geometry [19]. The right-hand side
of (16) is independent of the vector field Aµα
β . This
allows us to shuffle torsion into Cartan curvature and
back, fully or partially, by complete analogy with the
defect transformations in two-dimensional crystals in
Fig. 6. We may choose for Aµα
β any function we like.
For example we may choose it to make the torsion
vanish, and Aµα
β reduces to the usual spin connection
of Einstein’s gravity, the well-known combination of the
objects of anholonomity
Ωµν
λ = 12 [hα
λ∂µh
α
ν − (µ↔ ν)]. (24)
In the opposite extreme Aµα
β = 0, the Cartan curvature
is zero, spacetime is teleparallel, and the Lagrangian is
equal to the combination of torsion tensors:
LS=− 1
2κ
(−4DµSµ + SµνλSµνλ + 2SµνλSµλν − 4SµSµ),
(25)
where Sµ ≡ Sµνν .
In any of the new gauges, the correct gravitational
field equations are derived by extremizing the Einstein-
Hilbert action
AEH = − 1
2κ
∫
dx
√
g RC +
∫
dx
√
g LS +AGF, (26)
where AGF is a functional of hαµ and Aµαβ fixing some
convenient gauge. For AGF = δ[Aµαβ ] this leads to the
teleparallel theory, and for AGF = δ[Sα,β,γ [hαµ, Aµαβ ]]
we re-obtain Einstein’s original theory.
9. Adding matter fields of masses m to the Einstein
Lagrangian, and varying with respect to hαµ, we find in
the zero-torsion gauge the Einstein equation
Gµν = κTµν , (27)
where Tµν is the sum over the symmetric energy-
momentum tensors of all matter fields. Each contains
5the canonical energy-momentum tensor
m
Θµν and the
spin current densities
m
Σµν
,λ in the combination due to
Belinfante [20],
m
Tκν=
m
Θκν − 12D∗µ
(
m
Σκν,µ−mΣνµ,κ+mΣµκ, ν
)
, (28)
which is the matter analog of the defect relation (16).
The new gauge invariance of (16) has the physical con-
sequence that the external gravitational field in the far-
zone of a celestial body does not care whether angular
momentum comes from rotation of matter or from in-
ternal spins. The off-diagonal elements of the metric
in the far-zone, and thus the Lense-Thirring effect mea-
sured in [15], depend only on the total angular momen-
tum Jλµ =
∫
d3x(xλT µ0 − xµT λ0), which by the Be-
linfante relation (28) is the sum of orbital angular mo-
mentum Lλµ =
∫
d3x(xλΘµ0 − xµΘλ0) and spin Sλµ =∫
d3xΣλµ,0. A star consisting of polarized matter has
the same external gravitational field in the far-zone as a
star rotating with the corresponding orbital angular mo-
mentum. This is the universality of orbital momentum
and intrinsic angular momentum in gravitational physics
observed in Ref. [10].
Since torsion is merely a new-gauge degree of freedom
in describing a gravitational field, it cannot be detected
experimentally, not even by spinning particles. A field
with arbitrary spin may be coupled to gravity via the
covariant derivative Dµ ≡ ∂µ1+ i2AµαβΣαβ, where Σαβ
are the generators of the Lorentz group, in the Dirac
case Σαβ =
i
4 [γ
α, γβ ]. But since the torsion is a ten-
sor, we may equally well use an infinity of alternative
covariant derivatives Dqµ ≡ ∂µ1 + i2AqµαβΣαβ, where
Aqµα
β ≡ Aµαβ − gKµαβ , and Kµαβ = hανhβλKµνλ ≡
hα
νhβ
λ(Sµνλ − Sνλµ + Sλµν). Any coupling constant q
is permitted by covariance. In order to see which q is
physically correct we come back to the above-discussed
photon mass problem, and consider the covariant elec-
tromagnetic field tensor F qµν ≡ DqµAν − DqνAµ. Work-
ing out the covariant derivative we find ∂µAν − ∂νAµ −
2(1 − q)SµνλAλ, which shows that Maxwell Lagrangian
− 14F qµνF q µν acquires a mass term, unless we fix the cou-
pling strength to the value q = 1.
For this value of q, a little algebra [8, 9] shows that
the torsion drops out from the gauge field Aqµα
β . This
reduces to the good-old Fock-Ivanenko spin connection
that has been used in Einstein gravity without torsion:
A1µα
β = A¯µα
β = hα
νhβλ(Ωµνλ − Ωνλµ +Ωλµν). (29)
Having ensured that the photon does not couple to tor-
sion, we must also prevent all all other spinning baryonic
matter to do so, to avois giving a mass to the photons
via virtual processes of the type discussed above an illus-
trated in Fig. 1.
10. How about the motion of a spinless point par-
ticle in the infinitely many different descriptions of the
same theory? Since the metric gµν = h
γ
µΛ
a
γΛa
βhβν is
independent of the local Lorentz transformations Λaα,
and the action A = −mc ∫ ds = −mc ∫ (gµνdxµdxν)1/2
depends only on gµν , the trajectories are geodesics for
all Λa
β . The same result can of course be obtained my
integrating the local conservation law of the total energy-
momentum tensor Tµν along a thin world-tube.
A spinning particle “sees” the gauge field of Lorentz
transformations Aqµα
β, but it does so only via the q = 1-
version (29). This contains only the vierbein fields, not
the torsion, and is invariant under the multivalued ver-
sion of the gauge transformation (23). Hence the motion
of a spinning particle is blind the torsion field, which can
therefore not be detected by any experiment.
11. What we have done can be understood better by
a simple analogy. Insted of Einstein’s theory, we con-
sider a model of a real field ρ with an Euclidean La-
grangian L = (∂µρ)2 − ρ2 + ρ4 and a partition func-
tion Z =
∫ DψDψ∗ e− ∫ dxL. The field ρ is the analog
of the metric gµν . We may now trivially introduce an
extra gauge structure by re-expressing the Lagrangian in
terms of a complex field ψ = eiθρ and a gauge field Aµ
as L¯ = |(∂µ − iAµ)ψ|2 − |ψ|2 + |ψ|4. Now we form the
partition function Z¯ =
∫ DψDψ∗DAµΦ e− ∫ dxL¯, where
Φ is an arbitrary gauge-fixing functional multiplied by
the associated Faddev-Popov determinant. The new Z¯ is
completely equivalent to the original Z. Obviously there
is no way of observing Aµ. The partition function Z
plays the role of Einstein’s theory, whereas Z¯ gives its
reformulation in terms of a gauge field, which does not
change the physical content of the theory. The decom-
position ρ = ψ∗ψ = (ρe−iθ)(eiθρ) is the analog of the
decomposition (22).
12. Higher gradient terms in elastic energy of the
world crystal will generate an extra action AAµ of the
gauge field Aµα
β [21]. This would, in general, violate the
new symmetry discussed above and give torsion a life of
its own. However, as long as the gravitational effects of
spinning constituents in celestial bodies are suppressed
with respect to that of the orbital angular momenta by
many orders of magnitude, there is not much sense in
conjecturing explicit forms of AAµ , unless we want to
compete with string theory in setting up an ultimate the-
ory of everything as a substitute of religion.
13. In summary, we have shown that if the Einstein-
Hilbert Lagrangian is expressed in terms of the trans-
lational and rotational gauge fields hαµ and Aµα
β , the
Cartan curvature can be converted to torsion and back,
totally or partially, by a new type of multivalued gauge
transformation in Riemann-Cartan spacetime, a hyper-
gauge transformation. In this general formulation, Ein-
stein’s original theory is obtained by going to the zero-
torsion hypergauge, while his teleparallel theory is in the
hypergauge in which the Cartan curvature tensor van-
ishes. But any intermediate choice of the field Aµα
β is
also allowed.
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manuscript.
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